Reactions with alumina and platinum crucibles were studied during the preparation of Bi 2 Sr 2 Ca 1 Cu 2 O y "2212" glasses. In particular, reactions with Al 2 O 3 are of interest since alumina is a potential substrate material in applications of this superconductor. Glasses processed using alumina crucibles were completely homogeneous and free of secondary phases although the material contained 2.26 at. % Al in solution. After heat treatments, Al was found in the form of SrCaAlO y particles located primarily along grain boundaries of the 2212 superconducting phase. Platinum contamination was minimal (14−xCa x Cu 24 O 41 , and 2201 as second phases. Differential thermal analysis (DTA) suggested that the crystallization processes were essentially the same for all samples although the small amount of Al seemed to slow the kinetics leading to the formation of 2212. Neither Al nor Pt was detected within the 2212 phase. The measured superconducting compositions in each annealed sample were nearly the same with identical transition temperatures of 88 K. Overall differences in stoichiometry were accommodated by changes in the number and composition of the secondary phases present. Reactions with alumina and platinum crucibles were studied during the preparation of Bi2Sr2CaiCu20>, "2212" glasses. In particular, reactions with A12O3 are of interest since alumina is a potential substrate material in applications of this superconductor. Glasses processed using alumina crucibles were completely homogeneous and free of secondary phases although the material contained 2.26 at. % Al in solution. After heat treatments, Al was found in the form of SrCaAlO^ particles located primarily along grain boundaries of the 2212 superconducting phase. Platinum contamination was minimal (<0.02 at. %) and no Pt-containing secondary phases were found in amorphous or annealed samples. Glasses made with Pt crucibles were found to contain small amounts of CaO, Sr]4_xCaxCu2404i, and 2201 as second phases. Differential thermal analysis (DTA) suggested that the crystallization processes were essentially the same for all samples although the small amount of Al seemed to slow the kinetics leading to the formation of 2212. Neither Al nor Pt was detected within the 2212 phase. The measured superconducting compositions in each annealed sample were nearly the same with identical transition temperatures of 88 K. Overall differences in stoichiometry were accommodated by changes in the number and composition of the secondary phases present.
I. INTRODUCTION
Since the discovery of superconductivity in the Bi-Sr-Ca-Cu-0 system, various methods have been investigated for producing each of the superconducting phases.1-2 These phases are commonly referred to as Bi2Sr2CUlO^ "2201", B i^C a j C u^ "2212", and Bi2Sr2Ca2Cu3Oj, "2223" with approximate transition temperatures of 10 K, 85 K, and 110 K although both the composition and transition temperature of these phases can vary somewhat. One method of producing the superconducting phases is crystallization from the amorphous state. Dense, amorphous precursors from this system can be prepared by rapid quenching of oxide melts using techniques such as twin-roller and splat-quenching.3-4 The superconducting phases are crystallized from the glassy state with a suitable heat treatment.
Besides conventional solid state processing, platinum and alumina crucibles are commonly employed in producing glassy material in the Bi-Sr-Ca-Cu-0 system.3'5^7 Reactions with alumina are of particular interest since it is also a potential substrate material for thin film applications involving these superconductors. In glass processing, both crucible materials are wet by the melt. In studies employing Pt crucibles, no secondary phases containing Pt have been reported in either the glassy or crystallized material.3'5 In contrast, small AlSrCaOy particles were found by TEM analysis of crystallized glasses processed with A12O3 crucibles although no Al was detected within the superconducting phase itself. 6 In this study, the effects of reactions with the crucible during processing and subsequent crystallization of Bi-containing glasses were investigated. Two samples with a nominal 2212 stoichiometry were processed with A12O3 and Pt crucibles, respectively, and compared before and after crystallization. Although some differences were noted during crystallization and secondary phase formation, the transition temperature and composition of the superconducting phase itself were essentially the same in either case.
II. EXPERIMENTAL PROCEDURE
Samples with a nominal Bi2Sr2CaiCu20>, stoichiometry were prepared by a splat-quench method using A12O3 (sample A) or Pt (sample B) crucibles. High purity powders of Bi2O3, SrCO3, CaCO3, and CuO were mixed in the appropriate ratios, calcined at 800 °C for 30 h with an intermediate and final grinding, melted at 1075 °C for 45 min, and splat-quenched on a stainless steel plate with a heavy Cu anvil. Additional details of this process can be found elsewhere.6 Overall compo-sitions were verified by an inductively coupled plasma technique (ICP). A Perkin-Elmer 1700 system was used for differentia] thermal analysis (DTA) in oxygen with a heating rate of 10 °C/min. Both extrapolated onset and peak temperatures are reported. A Philips diffractometer (40 kV CuK a ) was used for x-ray diffraction (XRD). Microstructural and compositional analyses were performed using a JEOL JXA-840A scanning electron microscope (SEM) and a Philips CM-30 transmission electron microscope (TEM), each equipped with energy dispersive x-ray spectrometers (EDS). Details on the quantitative analysis procedures can be found in a previous study. 6 The superconducting transition temperature (T c ) in annealed samples was determined by the onset of diamagnetism in a non-commercial rf-SQUID magnetometer. 8 Each sample was zero-field cooled to 50 K and flux exclusion was measured upon warming in a 1 Oe field.
III. RESULTS AND DISCUSSION
XRD scans of samples processed with AI2O3 (sample A) or Pt (sample B) crucibles in the as-quenched and annealed state are shown in Fig. 1 . Sample A was found to contain a trace of a secondary phase that may be 2201 although investigations by SEM and TEM revealed a completely homogeneous material with no second phases. The trace of 2201 detected by XRD may result from some surface crystallization, as suggested by DeGuire et al. 5 ICP analysis results in Table I showed sample A to contain approximately 2.25 at. % Al. This contamination was detected in the TEM only, presumably due to the better peak-to-background ratio. SEM/EDS analysis of the glass matrix was in agreement with ICP results for the major cations when the Al content determined by ICP was taken into account.
Sample B was found to contain several secondary phases in the as-quenched state, as indicated in Fig. 1 . Using a processing temperature of 1075 °C, CaO was always found in samples splat-quenched with platinum crucibles regardless of the starting composition while only samples with high Ca contents (Bi 2 Sr2Ca x Cu 2 0y; x 3= 1.5) were found to have CaO as a second phase when alumina crucibles were used. 6 The other peaks detected by XRD in sample B correspond to 2201 and Sri^Ca^Q^CUi (14-24 phase). 9 Of these two phases, only a few widely scattered grains of the 14-24 phase were ever observed by TEM within the glass sample while SEM revealed only the glass matrix and CaO. ICP results in Table I show that Pt contamination accounts for approximately 0.02 at. % of the sample and is not detected by EDS analysis in either the SEM or TEM. The presence of secondary phases, particularly CaO, did not affect the composition of the glass matrix to any appreciable extent. SEM/EDS measurements listed in Table I show at most a slight deficiency in the Ca content compared to the ICP results. DTA scans of samples A and B in the as-quenched state are shown in Fig. 2 . Most thermal events in the two scans can be matched, suggesting that the crystallization processes for both samples are essentially the same. Onset and peak temperatures listed in Table II for the melting of the 2212 phase (endotherms A6 and B8) were nearly identical. However, some minor differences in these scans suggest that the small amount of Al in sample A inhibits the formation process of 2212 and affects phase formation in the partially melted state. Significant differences were found in endotherms A5 and B7 that correspond to the melting of 2201, an intermediate phase in the formation of 2212 for these compositions. 6 In addition, two exotherms between 600 °C and 700 °C were found by DTA for sample B while only a little unevenness in the baseline is seen in this temperature range during DTA of sample A. One or both of these additional exotherms may correspond to the transformation of 2212 from 2201 since this process begins between 550 °C and 650 °C. 6 Although no 2201 was detected in either sample after anneals at 865 °C, as will be discussed below, the substantially larger intensity for thermal event A5 and the lack of any exotherms IP address: 129.186.176.188 producing glass free of secondary phases with alumina crucibles under the conditions used in this study and the reduced formation rate of 2212 upon crystallization may be attributed to the small contamination of Al resulting in a slightly more stable glass. Alternatively, the lack of heterogeneous nucleation sites in sample A could also account for the slower kinetics, although this seems less likely since the secondary phases found in sample B in the glassy state were rather large and unevenly distributed. Fig. 1 . All major peaks could be indexed to 2212 and secondary phases were estimated to comprise less than 5% of either sample. No CaO peaks were observed by XRD in sample B, indicating that most of it had reacted during heat treatment. Bright-field TEM micrographs in Fig. 3 show a random grain orientation for both samples. Grain sizes on the average were slightly larger in sample B and no secondary phases containing Pt were ever found by either SEM or TEM analysis. On the other hand, sample A contained small Al-rich crystals at some of the grain boundaries, as shown in Fig. 3 . These particles were observable only by TEM. Semiquantitative analysis in the TEM gave an approximate composition of SrCaA10 r Aside from any weak-link problems that may be present, these particles may adversely affect transport properties by disrupting contact between superconducting grains. This could especially be a problem in thin films where the size of these particles becomes comparable to the film thickness or the width of any device features. On the other hand, the small size of these particles suggests a possible use as a flux pinning center provided they could be produced as very small inclusions within the grains rather than as a grain-boundary phase. In any case, Al contamination should be considered a possibility in bulk or thin film processing using alumina crucibles or substrates.
Compositional measurements of the superconducting and secondary phases are listed in Table I . TEM/EDS was used for analysis of the superconducting phase due to the small grain sizes shown in Fig. 3 . 2212 compositions in both samples were found to be similar with identical transition temperatures of 88 K. Within the limits of the EDS technique, neither Pt nor Al was detected in the superconducting phase. While the small amounts of Al did not affect the superconducting phase, the effects of Pt on the superconducting properties of the 2212 phase cannot be determined from this work because so little contamination from the crucible was encountered. Intentional additions of Pt to the B i -S r -C a -C u -0 system are needed to investigate possible Pt substitution into the superconducting phase and any resulting effects on T c .
Identification of secondary phases such as Sr^-jCa*-O124O41 in annealed samples was performed in the TEM. In some cases, however, SEM analysis was used for compositional analysis of the secondary phases because of their low volume fraction and the ability in the SEM to examine a larger amount of material compared to TEM. As shown in Table I , sample B contained the 14-24 phase and a few unreacted CaO particles. Sample A contained the 14-24 phase, CuO, and the SrCaA10 y particles observed in the TEM. CuO probably forms in order to balance the amount of Sr and Ca that preferentially combines with Al. Hence, small differences in overall compositions of the samples and changes in effective stoichiometry introduced by the small amount of Al contamination were accommodated largely by changes in the number, composition, and possibly the volume fraction of secondary phases present.
IV. SUMMARY
Glasses with a nominal Bi 2 Sr2CaiCu2Oj, stoichiometry were prepared with both Pt and A1 2 O 3 crucibles. Very little reaction with the Pt crucible was observed and the glass processed with a Pt crucible contained small amounts of CaO, Sr^-rCa^Cu^O^u, and 2201 as secondary phases. Glasses processed with alumina crucibles were free of secondary phases, but contained approximately 2.5 at. % Al in solution. Crystallization processes for both samples were essentially the same, based on DTA. However, the small addition of Al seemed to slow the formation rate of the 2212 phase during crystallization and affect phase formation in the partially melted state. Compositions of the superconducting phase in annealed samples were nearly the same and had identical transition temperatures of 88 K. Within the limits of the EDS technique, neither Al nor Pt was detected in the superconducting phase. No secondary phases containing Pt were encountered during analysis of amorphous or annealed samples processed with a Pt crucible. In contrast, small SrCaAlOj, particles were found to form upon annealing the glass processed with the alumina crucible. Differences in overall composition were accommodated by changes in the number, composition, and possibly the volume fraction of the secondary phases. While the small amount of Al contamination did not affect the superconducting phase itself, the effect of the SrCaA10y phase on transport properties needs to be examined if A12O3 crucibles or substrates are to be used for processing of bulk or thin film samples, respectively.
